Introduction
Genetic modification of economic crops is a promising strategy for versatile purposes (1, 2) . Various crops have been genetically modified (GM) for the benefits of food production efficiency (e.g., insecticide-/ herbicide-resistant soybean and cotton) and nutritional contents (GM rice with increased levels of iron and vitamins). The genetically modified organisms (GMOs) have been grown worldwide with a recorded 181.5 million hectares in 28 countries in 2014, with the USA being the largest GMO producer in 2013/2014 (2, 3) . Among the GM soybean events, the roundup ready soybean (RRS; event GTS40-3-2) is the most approved GMO worldwide, produced mainly in the USA, Argentina, and Brazil (2, 4) .
The public in general have concerns over the potential health and ecological risks of GMOs and their products (1, (5) (6) (7) . To help consumers make an informed decision about consumption of GMOs, more than 60 countries have implemented labeling requirement of GMOs and GMO-derived foods/feeds with different threshold levels allowed, e.g., 0.9% in the European Union, 3% in Taiwan and Korea, 5% in Japan, and 0% in China (5, (8) (9) (10) (11) . Furthermore, the labeling of non-GMO ingredients and products has been initiated by the non-GMO project (http://www.nongmoproject.org/) (5) . To regulate the marketing of GMO products, history traceability has also been implemented in areas such as the European Union (1, 12) .
In GMOs, one or more specific exogenous sequences are inserted into the plant genome through DNA recombination event to express target protein(s). Protein-and DNA-based tests have been utilized to monitor the usage of GMOs in raw ingredients and foods (1) . Because of the higher stability of DNA than proteins and the high sensitivity and specificity of polymerase chain reaction (PCR), conventional PCR and real-time PCR (rtPCR) assays have become the most accepted tools for GMO monitoring (1, 11, (13) (14) (15) (16) . Screening-, gene-, construct-and eventspecific markers have been targeted for different purposes in GMO monitoring (17) .
On-site detection of GMOs could facilitate manufacturers and consumers to make timely informed decisions and help them to decrease the cost of GMO management by reducing the number of specimen. However, applications of conventional and/or rtPCR assays requiring a specialized laboratory, technician, and instrument have been restricted mostly to the central laboratories. A pyrosequencingbased portable sequencer (10) and the loop-mediated isothermal amplification (LAMP) (18, 19) have been developed for on-site GMO detections. Because of complicated DNA extraction, PCR amplification, and single-strand DNA preparation, the pyrosequencing method needs further development(s).
By searching for commercial PCR-based tests for GMO markers, we found that the POCKIT T M GMO Soy RRS Reagent Set (GeneReach, Taichung, Taiwan) was available recently for on-site GMO monitoring. Based on the TaqMan probe hydrolysis-insulated isothermal PCR (iiPCR) methodology (20, 21) , this set was provided in a lyophilized format to allow easy shipping, long-term storage and worked on a field-deployable device (POCKIT
T M
Nucleic Acid Analyzer and POCKIT T M ; GeneReach). Furthermore, the iiPCR/POCKIT T M system has been successfully applied to detect various viral and bacterial pathogens in animals with high sensitivities and specificities (20, (22) (23) (24) (25) (26) (27) (28) (29) (30) . Without any post-amplification step, this system drastically reduces the false positive risks due to carry-over contaminations. A nucleic acid extraction step is generally needed before PCR amplification. Most commonly used DNA extraction methods or commercial kits require laboratory instruments and are time consuming. We also found a rapid and easy-to-use manual DNA extraction cartridge: the Grind-N-Go DNA Extraction Set (GeneReach), which was available recently to facilitate quick on-site nucleic acid extraction. Together, the Grind-N-Go DNA Extraction Set and the iiPCR/POCKIT T M system should enable easy and rapid on-site GMO detections.
In this study, the specificity, sensitivity, and repeatability of the RRS iiPCR/POCKIT
GMO Soy RRS Reagent Set) and its combination with the manual extraction cartridge (Grind-N-Go DNA Extraction Set) for RRS detections in soybean-based materials and food products were evaluated.
Materials and Methods
Samples Certified reference materials (CRMs) including genomic DNAs of events A2704-12 and A5547-127 and homogenized seed powders of non-GM soybean and events GTS40-3-2, DP-356043, Mon87705, and Mon87708 were purchased from the European Union Joint Research Center (JRC-IRMM; JRC, Geel, Belgium). Seed samples including Vigna angularis, V. radiata, Zea mays, Arachis hypogaea, and Oryza sativa were purchased from local markets in Taiwan. The soybean-based foods tested, including soybean milk, tofu, pressed tofu (tofu of low water content), soft tofu (tofu of high water content), fried tofu, fried tofu skin (tofu skin is the film formed on the liquid surface during the boiling of soybean milk), and vegetarian ham were purchased from local markets. The pGH-based control plasmid (http:// dnasu.org/DNASU/GetVectorDetail.do?vectorid=499) was synthesized to contain an RRS-specific fragment (nt127 to 276, GenBank accession number AB180968.1) (MDBio, Taipei, Taiwan) as a positive control for rtPCR and iiPCR tests.
DNA extraction Embryos from overnight-soaked seeds or 50 mg of seed powder were used for nucleic acid extractions. To prepare DNA of known quantity, the dodecyl trimethyl ammonium bromide (DTAB)-acetyl trimethyl ammonium bromide (CTAB) method or Extraction using the taco
mini Nucleic Acid Automatic Extraction System (taco T M mini; GeneReach) was performed by following the manufacturer's instructions. In brief, the wells of the extraction plate were filled with the designated reagent buffers. The samples were homogenized in 400-μL lysis buffer and centrifuged at 12,000x g for 5 min. After the supernatant was added into the sample well, the plate was loaded into a taco mini for automatic DNA extraction. C until it was used. The manual DNA extraction cartridge (Grind-N-Go; GeneReach), a NaOH-based manual extraction method, is worked in an extraction cartridge containing two buffers in two separate wells. After the sample was loaded into the sample well, the grinder was locked into the sample well. Subsequently, the sample well/grinder unit was detached and placed into the lysis buffer well. Homogenization of the sample was achieved by twisting the grinder back and forth at least 10 times. Finally, DNA extraction was completed by shaking the cartridge a few times to mix the homogenate with the neutralization buffer in the outside well. The extract was transferred to a downstream iiPCR reaction with an inoculating loop (approximately 2 μL) for RRS detection.
Real-time PCR (rtPCR)
The rtPCR for RRS detection published by Taiwan Food and Drug Administration (15) was used as the reference method in this study. The primers and probes targeted specifically to the junction regions spanning the soybean host genome and the 35S promoter, a combination found only in the soybean GTS40-3-2 event. They were the forward primer (5'-GCCTTTCCTTTATCGCAATGATG-3'), reverse primer (5'-TCAAAATAAGATCATACATACAGGTTAAAATAAAC-3'), and probe (FAM-5'-CCACCTTCCTTTTCCATTTGGGTTCCC-3'-TAMRA to 10 copies with a y-intercept of 38.7 and a slope of −3.35, indicating an amplification efficiency of 98.7%. The coefficient of determination (r 2 ) was 0.99. Based on the replicate analysis of 100 ng DNA of 0.1% of RRS CRM, a cutoff threshold cycle (Ct) was assigned: the sample with a Ct≤36 was considered as RRS positive (>0.1% RRS), while the sample with a Ct>36 was considered as RRS negative.
RRS iiPCR assay The RRS iiPCR test (POCKIT

T M
GMO Soy RRS Reagent Set; GeneReach) was provided in a lyophilized format. To perform the test, the premix buffer was first transferred with a dropper provided in the kit to reconstitute the RRS iiPCR reagent, which was subsequently mixed with a loopful of the nucleic acid extract of the test sample with a loop provided. Subsequently, the final mixture was transferred with a fresh dropper to an R-tube T M (GeneReach), which was subsequently placed into the POCKIT T M Micro device to complete the reaction. Based on the default thresholds, "+", "−", and "?" were shown on the display screen for positive, negative, and suspect results, respectively, in approximately 30 min. A "?" result indicated that the signals were ambiguous and the sample should be tested again.
Statistical analysis For the performance agreement between two test methods, the Kappa index was calculated from a 2×2 contingency table by using SPSS v. 14 (SPSS Inc., Chicago, IL, USA).
Results and Discussion
The GTS40-3-2 (RRS) event contains exogenous sequences encoding the CaMV 35S promoter, the chloroplast transit peptide (CP4-epsps), and the nos terminator. Assays that amplify an event-specific marker rely on primers to amplify the unique junction regions between the transgenic expression cassette sequences and the host genome. The RRS event-specific iiPCR system (POCKIT T M GMO Soy RRS Reagent Set; GeneReach) targeted the 35S promoter element and its flanking host genome. In this study, the performance of this reagent set on the hand-held POCKIT
T M
Micro device for the detection of the RRS element was evaluated.
RRS iiPCR Reagent Set specifically detected RRS Events GTS40-3-2 (RRS), A2704-12, A5547-127, DP-356043, Mon87705, and Mon87708 have been approved for human consumption in Taiwan (3). Among these, events A2704-12 and A5547-127 contained the CaMV 35S promoter element and both Mon87705 and Mon87708 had the CP4-epsps gene. To test the analytical specificity of the RRS iiPCR Reagent Set, 100 ng of genomic DNA was prepared from CRMs of these events and a non-GM soybean by the DTAB-CTAB extraction method and then analyzed in triplicate. Negative results with the non-GM soybean indicated that the reagent set did not cross-react with any endogenous sequences of wild-type soybean. Positive RRS iiPCR results were obtained only with the GTS40-3-2 (RRS) sample, demonstrating that the RRS iiPCR Reagent Set could specifically detect the GTS40-3-2 event. Furthermore, seeds of other crops, including Vigna angularis (adzuki bean), V. radiata (mung bean), Z. mays (corn), A. hypogaea (peanut), and O. sativa (rice), have been commonly mixed with soybean in processed foods in Taiwan. When 100 ng DNA samples prepared from embryos of these species were analyzed by the reagent set, all were found to generate negative results, indicating that the RRS iiPCR Reagent Set did not cross-react with DNAs of these species. These results suggested that the RRS iiPCR Reagent Set could be used to monitor RRS in processed foods made with mixed ingredients.
Detection limit of RRS iiPCR Reagent Set
To determine the sensitivity of the RRS iiPCR Reagent Set, 100 ng genomic DNA containing 10, 1, 0.1, and 0.01% (w/w) of GTS40-3-2 (RRS) DNA was prepared by diluting RRS genomic DNA serially with non-GM soybean genomic DNA and then analyzed in 20 replicates. The RRS iiPCR Reagent Set detected 20/20 (100%) of the 10, 1, and 0.1% RRS, 7/20 (35%) of the 0.01% RRS, and none of the negative control samples. Limit of detection is the lowest amount or concentration of an analyte that can be detected reliably and ensures ≤5% false negative results (31) . Thus, the 100% detection endpoint of the RRS iiPCR Reagent Set is observed to be the 0.1% RRS, indicating a high level of sensitivity. The detection limit of RRS iiPCR Reagent Set is comparable to the reference rtPCR, the padlock probe ligation in combination with microarray detection (32) , and the multiplex PCR methods (33, 34) . Therefore, for countries implementing labeling requirement of GMOs with different threshold levels, such as 0.9% in the European Union and 3% in Taiwan and Korea, the RRS iiPCR Reagent Set could be a useful tool for RRS screening.
Intra-and inter-assay repeatabilities of RRS iiPCR Reagent Set
The repeatability of the RRS iiPCR Reagent Set was assessed by analyzing samples containing target RRS DNA at 1 (0.1%) and 10 folds (1.0%) of the assay's detection endpoint from the detection limit described above. Six replicates of each concentration were tested in three independent runs to evaluate the intra-and inter-assay repeatabilities. All of the 36 reactions showed positive results, indicating that the RRS iiPCR Reagent Set could provide consistent RRS detection results.
Detection of RRS DNAs from different soybean-based foods by RRS iiPCR Reagent Set: Comparison with RRS rtPCR
The RRS iiPCR Reagent Set was evaluated further for RRS detections in soybean-based products by using the RRS rtPCR as a comparison reference, which had a detection limit at 0.1% (w/w) RRS DNA (15) . DNA extracts of 40 commonly consumed soybean-based food products in Taiwan were prepared by the manual DNA extraction cartridge and then tested by the iiPCR and the rtPCR in parallel. The soybean-based food products were tofu, pressed tofu, soft tofu, fried tofu, fried tofu skin, and vegetarian ham. Totally, 15 samples were positive and 25 were negative by the RRS rtPCR assays (Table 1 ). All rtPCR positive samples were also positive by the iiPCR Reagent Set while 2 of the 25 rtPCR negative samples (Ct=37.19 and ND in vegetarian ham and fried tofu skin) were positive by the iiPCR Reagent Set. Analysis of the 2x2 contingency table determined that a 95% agreement (38/40; 95% confidence interval, 81.79-99.13%) was found between these two assays (kappa value=0.90), suggesting that the performance of the RRS iiPCR Reagent Set was in accordance with that of the RRS rtPCR. Therefore, the results preliminarily show that the RRS iiPCR Reagent Set could detect RRS DNA in tofu, pressed tofu, soft tofu, fried tofu, fried tofu skin, and vegetarian ham with performance similar to the reference RRS rtPCR.
Detection of RRS in soybean milk directly by RRS iiPCR Reagent Set Because soybean milk is essentially the aqueous extract of homogenized soybean, it was suggested that soybean milk could be tested directly with a simple dilution step by the RRS iiPCR Reagent Set. To evaluate the feasibility of this protocol, 30 soybean milk samples were collected locally and subjected to the RRS iiPCR Reagent Set and the reference RRS rtPCR. The RRS rtPCR, testing 100 ng DNA, was performed following the published protocol (15) . For the RRS iiPCR Reagent Set, soybean milk was diluted 10 folds in distilled water, and then a loopful (approximately 2 μL) of each diluent was added to the reconstituted RRS iiPCR reaction. Among the 30 samples, 13 and 17 samples were positive and negative for the RRS rtPCR tests, respectively (Table 2 ). All rtPCR positive samples were also positive by the iiPCR Reagent Set; however, 6 samples showed rtPCR negative but iiPCR positive (S2, S4, S13, S19, S23, and S24) ( Table 2 ). Analysis of the 2x2 contingency table (Table 3) determined that the agreement between two methods was 80% (95% confidence interval: 95.15-64.85%; kappa value=0.61). Five of the 6 discrepant samples (S2, S13, S19, S23, and S24) showed Ct values between 36 and 40 ( Table 2 ), suggesting that these samples contained trace amounts of RRS (<0.1%). Subsequently, 5 replicates of all 6 discrepant samples were tested by both methods (Table 4 ). All samples had at least one test with positive result in the RRS iiPCR Reagent Set and at least one test in the RRS rtPCR with Ct value between 36 and 40 ( Table 4 ), supporting that these 6 samples contained trace amounts of RRS (<0.1%). Therefore, these results imply that the samples suspected of containing trace amounts of RRS (likely around 0.01%) could be detectable by the RRS iiPCR Reagent Set.
Because 30 different soybean milk samples from different commercial sources were directly tested in this examination, the RRS iiPCR Reagent Set could potentially be used for RRS screening in soybean milks produced by different manufacturers and vendors. Therefore, users who needed to define the RRS content in soybean milk samples could submit the RRS iiPCR-positive specimens to a reference laboratory for quantification testing by the RRS rtPCR method.
Detection of RRS in tofu by Grind-N-Go/RRS iiPCR/POCKIT
T M Micro system The user-friendly DNA extraction cartridge could be shipped and stored at room temperature. Together, the Grind-N-Go/RRS iiPCR/POCKIT T M Micro system was aimed to facilitate on-site small Ct>36 was considered as a negative result (15); ND, not determined scale RRS screening for timely and efficiently monitoring and tracing of RRS contamination in raw materials and/or processed foods. Tofu, which was the most consumed soybean-derived foods and the base for other commonly consumed products such as dried tofu, fried tofu, and tofu skin, were also tested to evaluate the performance of this system. A total of 30 tofu-based samples from different manufacturers were tested by the Grind-N-Go/RRS iiPCR/POCKIT
T M
Micro system, and the results were compared with side-by-side tested results of the reference RRS rtPCR method with 100 ng DNA prepared by the taco T M mini (silica-based) method (Table 2) . With the silica-based DNA extraction then RRS rtPCR method, 13 and 17 tofu samples were positive and negative for RRS, respectively ( Table 2 ). All rtPCR positive samples were also positive by the Grind-N-Go/RRS iiPCR/ 
